INTRODUCTION
Both the disciplines of biology and of science education have undergone a revolution. The major focus of the biological sciences-understanding life-remains unchanged, but breakthrough discoveries of the second half of the 20th century have changed the basic nature of the questions asked, whereas new and emerging technologies are changing the ways key questions are addressed (National Research Council [NRC], 2008 [NRC], , 2009 ). In undergraduate science, technology, engineering, and mathematics (STEM) education, new approaches and new technologies are also emerging based on evolving theories of learning (Donovan et al., 1999; NRC, 1999 NRC, , 2003 . New developments in the nature of institutions of higher education have changed the manner in which people pursue higher education, and there is a growing appreciation of the need to broaden participation within the sciences by advancing the education of all students, including those from underrepresented groups and those who will enter careers other than those related to science. There is also a growing realization of the necessity to fully inform and educate all students about the wealth of professions available to those who study the sciences and about the way science is done (Alberts, 2008) . This is an exciting time to be a biologist, to participate in the revolution within the sciences, and to be able to find and implement new ways to impart the excitement of biology to others. The purpose of this column is to provide readers of CBE-Life Sciences Education with an update on funding opportunities at the National Science Foundation (NSF) to support innovative programs in life sciences education.
CURRENT BIOLOGY EDUCATION-RELATED EFFORTS AT NSF-AN OVERVIEW 1
The NSF was created by congress in 1950 and given a mission "to promote the progress of sci-ence; to advance the national health, prosperity, and welfare; to secure the national defense…" (NSF at a Glance; www.nsf. gov/about/ glance.jsp, undated; accessed 9 March 2009). To that end, both the Directorate for Education and Human Resources (EHR) and the Directorate for the Biological Sciences (BIO) have instituted several programs, many of them jointly administered and funded, designed to support the biology community in its efforts to advance education in the biological sciences. These programs extend across the spectrum of educational levels from preschool through graduate school and include opportunities for general outreach to the public through informal science offerings in formal settings (museums and zoos) and through the media (television, radio, and other platforms).
Because of the rapid changes within the discipline and concerns about the need to incorporate these into higher education, the American Association for the Advancement of Science has recently convened a series of conversations, "Vision and Change in Biology Undergraduate Education: A View for the Twenty-First Century," as a means of determining how undergraduate biology education can best reflect both these exciting recent disciplinary advances and the knowledge we've gained about teaching and learning. These informal conversations were designed to enable a wide segment of the biological sciences community to explore the changes that need to take place and how best to effect those changes. They included, as observers and in other roles as appropriate, representatives of NSF, the Howard Hughes Medical Institute and the National Institutes of Health, National Institute of General Medicine, Division of Minority Opportunities in Research (MORE). We will report on these activities in a future article outlining the conclusions reached and suggestions made.
This article concentrates on programs designed to serve higher education through attention to 1. courses and curricula for all students-those majoring in biology and those majoring in other disciplines, those preparing to be teachers and those hoping for a career in industry, academia, or elsewhere; 2. enhancement of the pedagogical knowledge and skills of current faculty and future faculty, including greatly ex-perienced and newly minted faculty, as well as graduate students; and 3. programs supporting fellowships to recognize the promise and aid the progress of individual students.
The following sections start with some general guidelines regarding requests for funding and some information about recent changes in focus within existing programs or new funding opportunities at NSF. We then provide information about specific programs and specific projects funded within those programs.
CURRENT BIOLOGY EDUCATION-RELATED FUNDING OPPORTUNITIES THROUGH NSF
Pertinent higher education biology-related funding opportunities at NSF are varied in nature and scope and are described in the listings below. One of the programs listed that may be of particular interest because of its flexibility is Course, Curriculum, and Laboratory Improvement (CCLI). This program has recently been slightly revised to increase suggested funding limits within the three categories of the program, to more explicitly describe and to re-emphasize the importance of basing projects upon prior work in the field and the importance of adding to that knowledge base. In addition, a fourth category has been added to this program, Central Resource Projects, which provides opportunities to apply for funds to "assume responsibility for leadership and implementation of activities that sustain a community of practice engaged in transforming undergraduate STEM education" and to "work to increase the capabilities of and communications among the STEM education community and to increase and document the impact of CCLI projects" (NSF, 2009) .
Two of the programs listed, the Interdisciplinary Training for Undergraduates in Biological & Mathematical Sciences (UBM) and the Research Coordination Networks-Undergraduate Biology Education (RCN-UBE), merit special attention because they are new and support innovative activities.
The listings below are distributed between two sections: the first contains EHR, BIO, or joint EHR/BIO programs that are specifically designed to serve biology education efforts or that have a specified budget for biology projects. The second section lists those programs that support improvements in graduate or undergraduate education generally but do fund biology-related projects among the many awarded each year. Often proposals to this second set of programs are interdisciplinary in nature and represent the efforts of a number of departments. For each program listed, the section below includes a brief description of the program and an example of a recently funded biology-related project. Information given for each project includes (within the order given here) the NSF award number (for ease of referring to it in the NSF website), the project title, a brief description of key features of the project, the last name of the principal investigator (PI), and the institution where the award is housed. For CCLI, because of its wide scope, we have listed in the text three projects funded within the past fiscal year and included a more complete listing as Supplemental Material. For details about due dates and funding limits for any one program, consult the home page of the NSF website at www.nsf.gov, put the acronym of the program in the search box in the upper right-hand corner, and then open the most recent program solicitation. Scroll down the face page for each program and use the link to recent awards to see the sort of projects that are being funded. Please note that starred items in the list of programs below are either partly concerned with graduate education in addition to undergraduate education or are completely devoted to graduate education.
In applying to education-related programs, it is important to follow the same simple rules followed for preparing a research grant:
1. State your goals and be aware of and refer to the pertinent literature that has informed your decision to follow specific approaches to achieve those goals. 2. Be clear about how you plan to accomplish your aims. 3. Consult people on your campus or elsewhere who can help you design an effective plan to gather objective data concerning the outcomes of your project.
Lack of clear plans for evaluation and lack of citations of the work of others that could profitably inform your own efforts, along with unclear descriptions of your planned implementation, are some of the major reasons why proposals with otherwise laudable goals are given low ratings.
As of this writing, the actual budget allocations for this fiscal year (October 2008 through September 2009 have not yet been made. We anticipate approximately the same level of allocation this year as last year for most of the programs described, with three exceptions. The newly passed stimulus package adds a one-time infusion of funds to the NOYCE program ($60 million) and to the Math and Science Partnerships program ($25 million). An additional $15 million has been allocated for initiating a new program (the program solicitation is still in the design stage) aimed at supporting professional science master's degree projects. Success rates for most programs listed vary between programs within any one year and between years for any one program. They can range from 10 to 30%, with most being at ϳ20%.
Programs Designed Wholly or in Part to Specifically Serve Biology Education Efforts
CCLI. Purpose. This is the broadest and most flexible program listed. It is open to all types of institutions and students, allows a focus on special targets (e.g., diversity improvements, teacher preparation, community colleges), and has a clear mission of improving the quality of undergraduate education in STEM for both nonscience majors and for majors. It is the program that encourages and supports faculty efforts to embed new scientific and technical knowledge (e.g., proteomics, bioinformatics) into undergraduate learning materials and laboratory practices. The program serves as an important test bed for introducing new ideas in teaching, new technologies, emerging sciences, and new players (some of them senior scientists) in undergraduate education. Because of its three-tiered structure, ranging from support of small starter projects funded at about $200,000 to test new ideas, to large projects of up to $5,000,000 to disseminate proven models, it has been an important means of collaboration with key national biological societies, are developing a suite of activities to help their members reform their basic biology courses: 1) small faceto-face meetings to promote innovation in reform activities aimed at the introductory biology experience, 2) larger faceto-face meetings to coordinate disparate approaches in introductory biology and to increase the use of existing best practices by the members of scientific societies, and 3) a communication network linking scientific societies and their members to promote innovation and adaptation of best practices as well as research in biology education (Uno, University of Oklahoma, Norman Campus).
UBM: Interdisciplinary Training for Undergraduates in
Biological & Mathematical Sciences. Purpose. The goal of this program, a joint effort of three directorates (Biological Sciences, Education and Human Resources, and Mathematics and the Physical Sciences), is to enhance undergraduate education and training at the intersection of the biological and mathematical sciences, to better prepare undergraduate biology or mathematics students to pursue graduate study and careers in fields that integrate the mathematical and biological sciences. All awarded projects feature long-term research experiences for interdisciplinary teams with support for at least four undergraduates, and include introduction of appropriate interdisciplinary courses.
Sample Project. 0531898. Integrated Analysis of Genetic and Cellular Networks. This project recruits junior undergraduate students, half majoring in biology and half in mathematics (including statistics), to conduct research developing qualitative and quantitative approaches to understanding molecular structures and mechanisms. It involves use of technical strategies from biochemistry, genetics, and cellular biology, and mathematical tools such as DNA and protein microarray analysis, data mining, dynamical systems, numerical simulation, and partial differential equations (Bates, Michigan State University).
URM: Undergraduate Research and Mentoring in the Biological Sciences.
Purpose. To increase the number and diversity of individuals pursuing graduate studies in all areas of biological research supported by the NSF Directorate for Biological Sciences. Support is provided to academic institutions to establish innovative programs to engage undergraduates in a year-round research and mentoring activity. Particular emphasis is placed on broadening participation of members of groups historically underrepresented in science and engineering.
Sample Project. 0603049. Training Ecologist Doctors for the 21st Century. Underrepresented minority scholars are recruited to study three interrelated research areas central to environmental health globally and in the American Midwest, in particular, 1) the ecology and genetics of crop improvement, 2) the conservation of forest and grassland dwelling species, and 3) the ecology and management of highly impacted urban environments (Galen, University of Missouri-Columbia).
RIG: Research Initiation Grants and CAA: Career Advancement Awards to Broaden Participation in the Biological Sciences.
Purpose. To broaden the participation of scientists from groups underrepresented in the biological sciences in the United States. Supported activities promote the development and retention of scientists from underrepresented groups to increase the numbers of such individuals who can serve as role models for the students who are the scientific workforce of the future.
Sample Project. 0615660. Self-Organization and Robustness in Evolving Biological Networks. The project seeks to develop fruitful insight from massive analyses of typical cellular networks of protein-protein interactions and initiates novel statistical analyses in the more general context of complex networks. The project includes curriculum development and the involvement of underrepresented minority students in the research. It is developing an interdisciplinary course on complex networks in biology and other disciplines that is tightly integrated with the research plan (Makse, CUNY City College).
RUI: Cross-cutting/NSF-wide Research in Undergraduate
Institutions. Purpose. Supports research by faculty members of predominantly undergraduate institutions through the funding of 1) individual and collaborative research projects, 2) the purchase of shared-use research instrumentation, and 3) Research Opportunity Awards for work with NSF-supported investigators at other institutions. Eligible "predom-inantly undergraduate" institutions are defined in the program solicitation.
Sample Project. 0515826. Measurement of Allelochemical Dynamics in the Rhizosphere. This project focuses on the development and application of new polymer-based materials that can trap toxic chemicals produced by invasive plants, allowing these toxins to be isolated and measured. This research is providing an inexpensive tool for other scientists to use in investigating these problems. It is being conducted by undergraduate students working under the mentorship of a faculty member at this undergraduate college (Weidenhamer, Ashland University).
CAREER: Cross-cutting/NSF-Wide Faculty Early Career Development. Purpose. This is NSF's most prestigious award in support of early career-development activities of those teacher-scholars who most effectively integrate research and education within the context of the mission of their organization. Such activities are expected to build a firm foundation for a lifetime of integrated contributions to research and education.
Sample Project. 0546858. Venom Evolution in Sicariid Spiders: A System for Undergraduate Training in Integrative Biology. This work involves undergraduates in collaborative, interdisciplinary research that spans organisms and molecules. They learn the value of approaching questions with an evolutionary (historical) perspective. In course work, the PI is 1) expanding a phylogenetic biology course that includes bioinformatics and reconstruction of tree topologies and ancestral character states, 2) creating a nonmajors arachnology course that emphasizes the value of evolutionary approaches and integrated knowledge of organisms, and 3) creating a Web-based interactive diagnostic key for Loxosceles and Sicarius species diversity that is connected to the Tree of Life website (Binford, Lewis and Clark College).
Programs to Support Undergradate or Graduate STEM Education Generally
STEP: Science, Technology, Engineering, and Mathematics Talent Expansion Program. Purpose. This program supports projects that will increase the number of students receiving associate or baccalaureate degrees in established or emerging fields within STEM and has a component to support research into the factors affecting students' decisions that impact choosing and remaining in STEM majors. Projects may include within their activities provision of scholarships for specific purposes.
Sample Project. 0525433. Watershed Watch: Monitoring the Merrimac and Pasquotank Drainage Basins as a STEM Undergraduate Recruitment Tool. Non-STEM majors are being introduced to STEM disciplines via use of geospatial technologies in an integrated, multidisciplinary study of terrestrial, aquatic, and social components of two watersheds-the Merrimack in New Hampshire/Massachusetts and the Pasquotank in North Carolina/Virginia (Rock, University of New Hampshire).
ATE: Advanced Technological Education.
Purpose. To promote improvement in technological education at the undergraduate (with a focus on two-year colleges) and secondary school levels by supporting: curriculum development; professional development of college faculty and secondary school teachers; and career pathways between secondary schools, two-year colleges, and four-year institutions. (GENA) Project. The American Society of Human Genetics, the Genetics Society of America, the National Science Resources Center, and the National Association of Biology Teachers are using the broad theme of genetics to build a framework to form long-term collaborations between educators and scientists and a sustainable infrastructure to support meaningful outreach by scientists in the high school science classroom. The project provides the partnering scientific societies with tools to instruct, facilitate, and measure the meaningful engagement of STEM faculty members in secondary science education (Marsland, Smithsonian Institution).
*GK-12: NSF Graduate Teaching Fellows in K-12 Education.
Purpose. Expected outcomes from this program include improved communication, teaching, collaboration, and teambuilding skills for the STEM graduate fellows; professional development opportunities for K-12 teachers; enriched learning for K-12 students; and strengthened and sustained partnerships in STEM between institutions of higher education and local school districts. The graduate fellows receive free tuition and a stipend equal to that of graduate research fellows. They are expected to work a minimum of 20 hours per week directly in the classroom with K-12 teachers and, at the same time, to maintain their research productivity.
Sample Project. 0742419.
GK-12 Fellows Linking Marine and Wetland Research with Science Education in Coastal South
Carolina Schools. The fellows, who all conduct field-based research in the multidisciplinary fields of coastal and wetland science, work directly with local teachers to bring an interdisciplinary approach to the science curriculum of local middle and high school science classrooms (Gilman, Coastal Carolina University).
*IGERT: Integrative Graduate Education & Research Training.
Purpose. The program is intended to catalyze a cultural change in graduate education, for students, faculty, and institutions, by establishing innovative models for graduate education and training that transcend traditional disciplinary boundaries. It is also intended to facilitate diversity in student participation and preparation, and to contribute to a world-class, broadly inclusive, and globally engaged science and engineering workforce.
Sample Project 0549479. Life Chip. The overarching research theme is to promote the union of nano/microtechnology and life sciences through research, education, and outreach. Undergraduates and newly enrolled IGERT graduate students participate in an intensive summer research program helping to indoctrinate the graduate students into the project and afford the undergraduates the opportunity to learn about career opportunities, graduate school and presentation skills (Li, University of California-Irvine).
For readers who are interested in preparing projects and proposals for submission to one or more of these programs, we recommend as a first step that you access the NSF website and read the appropriate program solicitations. More targeted questions can then be directed toward the appropriate NSF program director. The names and contact information for the cognizant program directors for programs of interest can be found by searching the NSF website for the program name. NSF contacts for a given program are listed at the top of the main program page.
